form these varieties were equally effective in decreasing the values for fatty acid synthesis in rats. These changes are associated with profound decreases in serum triacylglycerol levels in rats fed seeds from GZ. However, it is not still clear if these changes are solely ascribable to the differences in the concentration of fat-soluble lignans sesamin and sesamolin in seeds. There is a possibility that compounds other than lignans are also involved in the physiological activities of seeds from GZ variety.
We recently completed the breeding of two novel sesame varieties with seeds rich in lignans, named Maruhime MH and Maruemon ME 20 . The sum of the values for the concentrations in seeds of fat-soluble lignan sesamin and sesamolin was twice as high as in a conventional variety and was approximately the same between the seeds from MH and ME. However, lignan compositions were markedly different. MH contained sesamin and sesamolin at about a 2:1 ratio, and this was also the case for MK a conventional variety and GZ a variety with seeds rich in lignans . However, ME contained fat-soluble lignans almost excessively as sesamin, and sesamolin contents were less than one tenth of sesamin 20 . It has been demonstrated that the physiological activities of various fat-soluble lignans sesamin, episesamin and sesamolin affecting hepatic fatty acid metabolism are considerably different 15 17 . Therefore, there is a possibility that the propensity to affect hepatic fatty acid metabolism is considerably different among the seeds from these sesame varieties. Taking this into consideration, in the present study, we compared the physiological activities of seeds from various sesame varieties differing in lignan contents and compositions affecting hepatic fatty acid metabolism in rats.
EXPERIMENTAL 2.1 Animals and diets
Male Sprague-Dawley rats obtained from Charles River Kanagawa, Japan were housed individually in a room with controlled temperature [20] [21] [22] , humidity 55-65 and lighting lights on from 07:00 to 19:00 h , and fed on a commercial non-purified diet type NMF; Oriental Yeast Co., Tokyo, Japan . After 7 d of acclimatization to the housing conditions, rats were randomly divided into groups 6-7 rats per group with the same mean body weights and fed experimental diets for 16 d. The compositions of the experimental diets are shown in Table 1 . Sesame seed powders were added at a rate of 200 g/kg. We used sesame seed powder from a conventional variety that is popular in Japan Masekin MK and seeds rich in fat-soluble lignans sesamin and sesamolin from Gomazou GZ 19 , Maruhime MH 20 and Maruemon ME 20 . The sesamin and sesamolin contents of sesame seeds were determined as described previously 15 , and were 4.1 and 2.4 g/kg for MK, 8.7 and 3.4 g/kg for GZ, 8.7 and 4.1 g/kg for MH and 12.6 and 0.4 g/kg for ME, respectively. Therefore, the sum of the values of sesamin and sesamolin was about two times higher in GZ, MH and ME than in MK. MK, GZ and MH contained sesamin and sesamolin at about a 2:1 ratio, but ME contained sesamin but almost no sesamolin. The sesame seeds differed in seed color: brown for MK and GZ, white for MH and black for ME, respectively. Analyses revealed that sesame seeds from MK, GZ, MH and ME varieties contained 272, 246, 243 and 263 g protein/kg and 539, 542, 562 and 503 g lipid/kg, respectively. Based on this information, the amounts of casein and oil mixture composed of corn and safflower oils 65:35, wt/wt were reduced in diets containing sesame seeds to adjust protein and fat contents to be indistinguishable among the diets. Casein contained 942 g protein/kg. Sesame is reported to contain 108 g dietary fiber per kg 21 . Therefore, the cellulose contents of the diets containing sesame were reduced accordingly. Thus, the various experimental diets contained similar amounts of protein, fat and dietary fiber. Fatty acid compositions determined by GLC were similar among the experimental diets and are shown in Table 1 . The compositions of mineral and vitamin mixtures were the same as those recommended by the American Institute of Nutrition 22 .
Animals had free access to the diets and water during the experimental period. This study was approved by the review board of the animal ethics of our university and we followed the university s guidelines in the care and use of laboratory animals.
Enzyme assays
At the termination of the experiment, rats were killed by bleeding from the abdominal aorta under isoflurane anesthesia. The livers were then quickly excised. About 2 g of each liver was homogenized with 15 mL of 0.25 M sucrose containing 1 mM EDTA and 3 mM Tris-HCl pH 7.0 and centrifuged at 12,000 xg for 20 min. The activity of hepatic fatty acid oxidation enzymes was analyzed using whole liver homogenate as an enzyme source 23 . Peroxisomal palmitoyl-CoA oxidation rate KCN-insensitive acyl-CoA-dependent NAD reduction rate and acyl-CoA oxidase activity were measured using palmitoyl-CoA as a substrate. Carnitine acyltransferase and enoyl-CoA hydratase activities were measured using substrates differing in carbon chain length: acetyl-CoA C2 , octanoyl-CoA C8 and palmitoylCoA C16 for the former and crotonyl-CoA C4 and trans-2-octenoyl-CoA C8 for the latter. 3-Hydroxyacyl-CoA dehydrogenase and 3-ketoacyl-CoA thiolase activities were measured using acetoacetyl-CoA and 2,4-dienoyl-CoA reductase activity was analyzed using sorboyl-CoA as substrates, respectively. The activity of enzymes in fatty acid synthesis was measured using a 12,000 xg supernatant fraction as detailed previously 23 .
2.3 mRNA analysis RNA in the liver was extracted 24 , and mRNA abundance was analyzed by quantitative real-time PCR, as detailed elsewhere 25 . mRNA abundance was calculated as a ratio to the β-actin level in each cDNA sample and expressed as a fold-change, assigning a value of 1 for rats fed a diet free of sesame seeds.
Analyses of serum and liver components
Liver triacylglycerol and phospholipid concentrations were determined as described previously 26 . The liver cholesterol concentration was analyzed as detailed elsewhere 27 . Serum triacylglycerol, cholesterol, and phospholipid concentrations were assayed using commercial enzyme kits Wako Pure Chemical, Osaka, Japan . Malondialdehyde in serum was analyzed by HPLC as thiobarbituric acid adducts 28 . Hepatic carnitine was analyzed by the method of Pearson et al. 29 . The data were analyzed with one-way ANOVA to establish whether the effect of sesame seeds was significant, and significant differences of the means at a level of p 0.05 were evaluated with the two-sided Tukey s test.
RESULTS

Growth parameters and liver weights
Average body weight at the start of the experiments was 144 1 g. There were no significant differences in food intake average values were 19.1-20.7 g/day for the various groups , body weight at the time of killing 293-312 g and growth 138-155 g/16 d . Liver weights were significantly higher in rats fed a diet containing sesame seeds from Gomazou GZ 5.56 0.15 g/100 g body weight than in animals fed a diet without sesame seeds 5.07 0.09 g/100 g body weight . However, no other significant differences in this parameter were seen among groups.
3.2 Activity and mRNA levels of hepatic fatty acid oxidation enzymes Diets containing sesame seeds increased various hepatic enzymes involved in fatty acid oxidation Fig. 1 . The peroxisomal palmitoyl-CoA oxidation rate and activities of various enzymes involved in fatty acid oxidation were significantly higher in rats fed diets containing sesame seeds from various varieties than in the animals fed a control diet free of sesame seeds. Among the groups of animals fed diets containing sesame seeds, the values except for the activities of carnitine acyltransferase measured using octanoyl-CoA and palmitoyl-CoA substrates were significantly higher in rats fed diets containing sesame seeds from Gomazou GZ , Maruemon ME and Maruhime MH varie- . Rats were fed a control diet free of sesame seeds (control) or a diet containing sesame powder from a conventional variety (Masekin (MK)) or diets containing sesame seeds rich in lignans from Gomazou (GZ), Maruhime (MH) and Maruemon (ME) varieties. Means without a common letter differ, p <0.05.
ties rich in lignan than in the animals fed a diet containing sesame seeds from a conventional variety Masekin MK . The activities of carnitine acyltransferase measured using octanoyl-CoA and palmitoyl-CoA were the same between rats fed sesame seeds from MK and ME, respectively. The activities of various enzymes were comparable among rats fed sesame seeds rich in lignans from GZ, MH and ME varieties, except in a few cases peroxisomal palmitoyl-CoA oxidation rate, activity of carnitine acyltransferase measured with palmitoyl-CoA substrate, activity of 3-hydroxyacylCoA dehydrogenase . All the diets containing sesame seeds compared to a diet free of sesame seeds significantly increased mRNA levels of various peroxisomal enzymes involved in fatty acid oxidation and a peroxisomal membrane protein peroxin 11α Fig. 2 . Sesame seeds rich in lignans from GZ, ME and MH varieties were much more competent than the seeds from a conventional cultivar MK in increasing these parameters, except for carnitine octanoyltransferase where there was no significant difference in the mRNA levels between rats fed sesame seeds from MK and GZ varieties. Sesame seeds also effectively increased mRNA levels of various hepatic mitochondrial enzymes involved in fatty acid oxidation except carnitine palmitoyltransferase 1a Fig. 3 . Sesame seeds from GZ and ME but not MK and MH varieties significantly increased the mRNA level of this enzyme. The mRNA levels of carnitine O-acetyltransferase, carnitine palmitoyltransferase 1b, carnitine palmitoytransferase 2, 3-ketoacyl-CoA thiolase and 2,4-dienoyl-CoA reductase were significantly higher in rats fed sesame seeds rich in lignans from GZ, MH and ME varieties than in the animals fed the seeds from MK variety. Also, seeds from MH and ME but not GZ varieties significantly increased mRNA levels of carnitine/acylcarnitine translocase and enoyl-CoA delta isomerase 1 compared to seeds from MK.
3.3 Activity and mRNA levels of enzymes involved in fatty acid synthesis All the diets containing sesame seeds significantly decreased fatty acid synthase, ATP-citrate lyase, glucose 6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase and pyruvate kinase activities relative to the control diet without sesame seeds Table 2 . The activities of these enzymes except for pyruvate kinase were comparable among rats fed sesame seeds from various varieties. Pyruvate kinase activities were significantly lower in rats fed seeds from GZ, MH and ME varieties than in the animals fed seeds from MK variety. The diet containing sesame Fig. 2 Effect of dietary sesame seeds on mRNA levels of peroxisomal fatty acid oxidation enzymes and a peroxisomal membrane protein (peroxin 11α) in rat liver. Values are the means with their standard errors (n = 6-7). Rats were fed a control diet free of sesame seeds (control) or a diet containing sesame powder from a conventional variety (Masekin (MK)) or the diets containing sesame seeds rich in lignans from Gomazou (GZ), Maruhime (MH) and Maruemon (ME) varieties. Means without a common letter differ, p <0.05.
seeds from MK did not affect malic enzyme activity, but those containing seeds from GZ, MH and ME varieties significantly increased it. We also measured mRNA levels of proteins involved in hepatic lipogenesis. There are two types of acetyl-CoA carboxylase, i.e., alpha and beta. The alpha but not beta form appears to be involved in fatty acid synthesis in cytosol 30 .
Mammalian tissues contain 3 distinct isoforms of malic enzyme malic enzyme 1, 2 and 3 . Malic enzyme 1 appears to be involved in the regulation of lipogenesis 31 . There are four isoforms of pyruvate kinase in mammals. L-Pyruvate kinase is an enzyme expressed in the liver 32 . Adiponutrin 33 is a protein presumed to be involved in the regulation of lipogenesis. Consistent with the observations made on enzyme activity, sesame seeds from various varieties significantly reduced mRNA levels of acetyl-CoA carboxylase α, fatty acid synthase, ATP-citrate lyase, glucose 6-phosphate dehydrogenase, and L-pyruvate kinase. Seeds from various varieties were equally effective in decreasing the values of these enzymes except for L-pyruvate kinase. The reduction was weaker in rats fed seeds from MK variety than in the animals fed seeds rich in lignans from GZ, MH and ME varieties. Seeds from MK, GZ and ME but not MH varieties significantly decreased mRNA levels of 6-phosphogluconate dehydrogenase. mRNA levels of malic enzyme 1 were the same between rats fed a control diet without sesame seeds and the animals fed seeds from MK variety. And the levels in these groups were significantly lower than the values observed in the animals fed seeds rich in lignans from GZ, MH and ME varieties. We previously observed that sesame lignans increased mRNA levels of transporters involved in hepatic uptake of fatty acid Cd36/fatty acid translocase and carnitine carnitine transporter 15 . We therefore measured mRNA levels of these proteins and the concentration of carnitine in the liver among rats fed seeds from various sesame varieties. As shown in Fig. 4 , sesame seeds from various varieties significantly increased mRNA levels of these transporters and carnitine concentration in the liver. The increases of these parameters were less prominent with seeds from MK than with those rich in lignans from GZ, MH and ME varieties. However, the values were comparable among rats fed sesame seeds rich in lignans from three different varieties.
Serum and liver lipid levels
Serum triacylglycerol concentrations were significantly lower in groups of rats fed diets containing sesame seeds than in the animals fed a control diet without sesame seeds Table 3 . Among rats fed diets containing sesame seeds, the values were significantly lower in the animals fed seeds Fig. 3 Effect of dietary sesame seeds on mRNA levels of mitochondrial fatty acid oxidation enzymes in rat liver.
Values are the means with their standard errors (n = 6-7). Rats were fed a control diet free of sesame seed (control) or a diet containing sesame powder from a conventional variety (Masekin (MK)) or diets containing sesame seeds rich in lignans from Gomazou (GZ), Maruhime (MH) and Maruemon (ME) varieties. Means without a common letter differ, p <0.05. . Rats were fed a control diet free of sesame seed (control) or a diet containing sesame powder from a conventional variety (Masekin (MK)) or diets containing sesame seeds rich in lignans from Gomazou (GZ), Maruhime (MH) and Maruemon (ME) varieties. Means without a common letter differ, p <0.05.
rich in lignans from GZ, MH and ME varieties than in those fed a diet containing seeds from MK variety. However, the values were comparable among rats fed diets containing seeds from GZ, MH and ME varieties. Serum cholesterol, phospholipid and free fatty acid concentrations were significantly lower in rats fed diets containing sesame seeds than in the animals fed a control diet without sesame seeds. However, the values were the same among rats fed sesame seeds from various varieties except for one instance where the phospholipid level was significantly lower in rats fed seeds from ME variety than in the animals fed seeds from MH variety. Sesame seeds significantly reduced serum concentrations of malondialdehyde. The decreases were stronger with diets containing seeds rich in lignans from GZ, MH and ME varieties than in seeds from MK variety. No significant differences were seen in hepatic triacylglycerol concentration among groups. Hepatic cholesterol concentration was higher in rats fed seeds from MK variety than in the other groups. Dietary sesame seeds significantly increased hepatic phospholipid concentrations. Among the groups of rats fed sesame seeds, the value was the highest in the animals fed seeds from GZ variety.
DISCUSSION
We previously showed that the consumption of sesame seeds decreased hepatic activity and mRNA levels of lipogenic enzymes while increasing these parameters of fatty acid oxidation 1, 34 . We also observed that seeds from Gomazou GZ sesame variety, called 0732 line in our previous report 1 , contained twice as much sesamin and sesamolin as seeds from a conventional Masekin MK variety and were much more effective in increasing the activity of enzymes involved in fatty acid oxidation 1 . These findings were confirmed in the present study. In addition, we observed that our recently established sesame varieties MH and ME rich in lignans were as effective as GZ in affecting hepatic fatty acid oxidation. Our previous studies showed that fat-soluble sesame lignans sesamin, episesamin and sesamolin increased the activity and mRNA levels of various enzymes involved in fatty acid oxidation, presumably through a peroxisome activated-receptor activated receptor α PPARα -dependent mechanism, while decreasing the parameters of lipogenic enzymes through a sterol regulatory element binding protein-1 SREBP-1 -dependent mechanism 14 18 . Therefore, it is conceivable that sesame seed-dependent changes in hepatic fatty acid oxidation and lipogenesis could be ascribable to fat-soluble lignans. The observations in the previous 1 and current studies that sesame seeds rich in lignans from GZ, MH and ME varieties were more effective than the conventional MK variety in increasing hepatic fatty acid oxidation support this consideration. However, the impact of seeds rich in lignan on hepatic lipogenic enzymes except for malic enzyme and pyruvate kinase was comparable to that of seeds from the conventional variety.
In relation to this, we previously observed that the dosedependent effects of a lignan preparation containing equivalent amounts of sesamin and episeamin on the activity and mRNA levels of hepatic fatty acid synthase were saturable 14 . The values in rats fed diets containing 0.1, 0.2 and 0.5 of the lignan preparations were about one-half that observed in rats fed a lignan-free diet, but were almost comparable among rats fed diets containing different Values are the means SEM, n = 6-7. Means in a row with superscripts without a common letter differ, p<0.05. MK, Masekin; GZ, Gomazou; MH, Maruhime; ME, Maruemon amounts of the lignan. Sesame seeds also decreased the activity and mRNA levels of L-pyruvate kinase, an enzyme involved in the glycolytic pathway, and decreases were much stronger with seeds rich in lignans. Therefore, the situation was somewhat different from those observed with fatty acid synthase, ATP-citrate lyase, glucose 6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase. Studies indicated that lipogenic enzymes and pyruvate kinase are coordinately regulated under various nutritional and physiological conditions 35, 36 and are under the control of SREBP-1. The present observation, however, implies that different mechanisms exist in the regulation of pyruvate kinase and lipogenic enzymes. The response to dietary sesame seeds of malic enzyme was completely different from those of other enzymes. Actually, seeds from MK did not affect the activity and mRNA levels of this enzyme while seeds rich in lignans from GZ, MH and ME significantly increased these parameters, except in rats fed a diet containing seeds from ME where malic enzyme activity was not significantly different from that observed in rats fed a sesame seed-free diet and a diet containing seeds from a conventional MK variety. It has been reported that the expression of the genes of malic enzyme 1 is dually regulated by SREBP-1 and PPARα 37 . Lignans that are contained in sesame seeds appear to be agonists of PPARα 14 and hence are expected to stimulate gene expressions of malic enzyme 1 and, at the same time, the lignans should conversely down-regulate their mRNA expression through a SREBP-1-dependent mechanism 18 . It is conceivable that the PPARα-dependent mechanism overcame the SREBP-1-dependent mechanism in rats fed sesame seeds rich in lignans and hence increased the activity and mRNA levels of malic enzyme. Sesame seeds increased mRNA expressions of Cd36 and carnitine transporter. We also observed that up-regulation of carnitine transporter mRNA expression by sesame seeds was associated with increased carnitine concentration in the liver. The responses were much greater with seeds rich in lignans than with seeds from a conventional variety. It has been indicated that Cd36 38 and carnitine transporter genes 39 are under the control of PPARα. We previously observed that fat-soluble lignans increased the mRNA expression of Cd36, a transporter involved in fatty acid uptake, and carnitine transporter 15 . Therefore, it is conceivable that these changes represent the consequence of PPARα activation by the lignans contained in sesame seeds. We previously observed that the physiological activities of various fat-soluble lignans are considerably different 15 17 .
Compared to sesamin, sesamolin and episesamin had a much stronger effect on fatty acid oxidation and miscellaneous genes involved in fatty acid transport and metabolism, except for those involved in lipogenesis 15 . However, the present observation showed that seeds from ME variety, which contained fat-soluble lignan predominantly as sesamin and was almost devoid of sesamolin, was as effective as seeds from GZ and MH varieties, which contained sesamin and sesamolin at about a 2:1 ratio, in affecting the parameter of hepatic fatty acid oxidation. The reason for this is not clear at present. Seeds from GZ and MH varieties contained considerable amounts of sesamolin, but the amounts were still considerably low relative to those of sesamin. Therefore, these levels may not be high enough to cause differential effects on hepatic fatty acid oxidation among rats fed seeds from GZ, MH and ME varieties. There is the possibility that the lignan levels in experimental diets containing sesame seeds rich in lignans about 2.5 g/kg were high enough to cause saturable effects to enhance hepatic fatty acid oxidation. This may account for the failure to observe differential effects of seeds from GZ, MH and ME varieties. The observation 14 that at least a lignan preparation containing equivalent amount of sesamin and episesamin linearly increased hepatic fatty acid oxidation up to the dietary levels of 5g/kg may not support this considesation. Alternatively, there is a possibility that a compound s other than sesamin and sesamolin also contributes to the physiological activity of sesame seeds affecting fatty acid oxidation. In this situation, seed contents of sesamin and sesamolin may not be the only determinant in affecting hepatic fatty acid oxidation. Sesaminol, one of the lignans contained in sesame seeds as mono-, di-and triglucoside, is an alternative candidate affecting hepatic fatty acid oxidation. A previous study 4 showed that sesame seeds contained considerable amounts of sesaminol 1.6-8.2 g of the aglycon in kg of seeds as di-and triglucoside. Kang et al. 3 showed that defatted sesame flour, containing 8.7 g sesaminol glucosides, 0.7 g sesamin and 0.3 g sesamolin in 1 kg, reduced hepatic but not serum concentrations of triacylglycerol and cholesterol in rabbits. As defatted sesame flour was almost devoid of sesamin and sesamolin, the reductions in hepatic lipids may be ascribed to sesaminol. Therefore, this study raised the possibility that sesaminol, similar to fat-soluble lignans, has the propensity to affect hepatic lipid metabolism. As complicated methods are required to analyze sesaminol 4 , we were not able to measure the contents of this lignan in the sesame seeds employed in the present study. Elucidation of the physiological activity of sesaminol in affecting hepatic fatty acid metabolism and determination of the sesaminol contents in sesame seeds are required to clarify this point. It has been demonstrated that dietary sesamin and sesamolin reduced oxidative stress in experimental animals, although these lignans do not act as antioxidants in vitro 7, 40 .
Studies indicated that these fat-soluble lignans are metabolized to compounds having antioxidant propensities and hence ameliorate oxidative stress 7, 41 . Consistent with these observations, ingestion of sesame seeds has been demonstrated to reduce oxidative stress in rats 42 and humans 43, 44 . In the present study, we confirmed the results of a previous study 42 that sesame seeds reduced serum concentrations of malondialdehyde in rats. Moreover, sesame seeds rich in lignans from GZ, MH and ME varieties were much more competent than those from a conventional variety, MK. The results therefore support the consideration that lignans are responsible for the sesame seed-dependent reduction in oxidative stress. Alterations in fatty acid synthesis 45 and oxidation 27, 46 modify the availability of fatty acids for triacylglycerol synthesis, and in turn alter the very-low density lipoprotein production by the liver. Therefore, the change in the rate of fatty acid synthesis and oxidation in the liver is a factor modifying serum lipid concentrations. We found in the present study that seeds rich in lignans from GZ, MH and ME varieties lowered serum triacylglycerol more than the MK variety. The activity and mRNA levels of enzymes in fatty acid synthesis were lower in the groups of rats fed sesame seeds differing in lignan content than in those fed a control diet free of lignans, but they were the same among the four groups of rats fed sesame seeds. Activities of enzymes in fatty acid oxidation were, however, higher in the three groups of animals fed seeds from GZ, MH and ME varieties than in those fed MK variety. Therefore, an alteration in very-low-density lipoprotein production through the change in hepatic fatty acid oxidation may primarily be responsible for the serum triacylglycerol-lowering effect of sesame rich in lignans relative to a conventional variety. Alterations in the rate of synthesis and uptake from circulation of fatty acid as well as the rate of its degradation by fatty acid oxidation pathway could be responsible mechanisms to affect hepatic triaylglycerol levels. Despite the fact that sesame seeds decreased hepatic lipogenesis but increased fatty acid oxidation, they failed to affect hepatic triacylglycerol concentration in the present study. This may be due to the up-regulation of Cd36, which mediates fatty acid uptake from the circulation. Studies in mice 25, 47 indicated that Cd36 plays a crucial role in the transport of fatty acid in hepatocytes and hence regulates the hepatic triacylglycerol concentration. We previously observed that sesame lignan decreased hepatic concentration of triacylglycerol in rats fed a saturated fat palm oil 16, 48, 49 .
However, this effect has not been confirmed in the animals fed polyunsaturated fats corn and safflower oil rich in linoleic acid, fish oil rich in n-3 fatty acids, and mold oil rich in arachidonic acid 48 50 . Actually, the lignan preparation rather increased this parameter in some situations in rats fed polyunsaturated fats 48 50 . Apparently, the effect of sesame lignan on hepatic triacylglycerol levels depends on types of dietary fats. As the rate of hepatic lipogenesis is high in rats fed saturated fats 48 , lignan-dependent decrease in lipogenesis overcomes the increase in fatty acid uptake due to the up-regulation of Cd36 expression. This may result in lowering of hepatic triacylglycerol levels. Hepatic lipogenic activities were low and sesame lignandependent decreases were considerably attenuated in rats fed polyunsaturated fats 48 50 . Therefore, the lignan-dependent decrease in hepatic lipogenesis may not be quantitatively sufficient to overcome the increase in fatty acid uptake due to Cd36 up-regulation in rats fed polyunsaturated fats. Sesame seeds are rich in polyunsaturated fatty acid linoleic acid Table 1 . Therefore, this may account for a failure to observe the decreases in hepatic triacylglycerol concentration in rats fed sesame seeds in the present study.
CONCLUSION
Sesame seeds rich in sesamin and sesamolin from our three established sesame varieties compared to those from a conventional variety significantly increased the activity and mRNA levels of enzymes involved in hepatic fatty acid oxidation accompanying the lowering of serum triacylglycerol. In addition, sesame seeds rich in lignans compared to seeds from a conventional variety significantly reduced serum malondialdehyde, indicating the superior healthpromoting propensities of seeds rich in lignans from the three sesame varieties that we established. Among the seeds rich in lignans from three varieties, the potency of the variety containing fat-soluble lignan almost exclusively as sesamin to affect hepatic fatty acid oxidation was the same as that of seeds from the two varieties which contained sesamin and sesamolin at about a 2:1 ratio. This did not agree with the previous observations 15 17 that sesamin was less effective than sesamolin in affecting hepatic fatty acid oxidation. In this context, the possibility that a compound s other than sesamin and sesamolin is involved in the sesame seed-dependent increase in hepatic fatty acid oxidation should be taken into consideration.
